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1
MOTOR WINDING STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention generally relates to a motor wind-
ing structure and, more particularly, to a motor winding
structure that allows a plurality of coils thereof to be
clectrically connected together without having to arrange
any conducting hole on the base plate of the motor winding
structure.

2. Description of the Related Art

FIG. 1 shows a conventional motor 8 including a base
plate 81, a winding assembly 82 and a rotor 83. The winding,
assembly 82 1s coupled with the base plate 81, and the rotor
83 1s rotatably coupled with the base plate 81. The winding
assembly 82 includes a board 821 and a plurality of coils 822
arranged on the board 821. The plurality of coils 822 is
arranged on the board 821 by electroforming or layout. In
this arrangement, the plurality of coils 822 1s magnetically
linked with the rotor 83, driving the rotor 83 to rotate. Such
a motor can be seen 1n Tatwan Patent No. 1384723,

In the motor 8, the plurality of coils 822 must be electri-
cally. connected to each other. Specifically, each coil 822 has
a center “C” and includes two ends. Each coi1l 822 1s formed
on the board 821 and extends in a clockwise or counter-
clockwise manner. One of the two ends of the coil 822 is
adjacent to the center “C,” and another end of the coil 822
1s away from the center “C.” Since the coil 822 1s formed on
the board 821 by layout, the end of the coil 822 adjacent to
the center “C” (innermost part of the coil 822) cannot extend
across the loops of the coil 822 to connect to the other coil
822 or an external power. In light of this, 1t 1s required to
arrange a conducting hole that extends through the board
821 at the center “C” of the coil 822. Then, a conducting
clement such as a copper post, a conducting wire or a
conducting layer 1s disposed in the conducting hole, such
that the mnermost part of the coil 822 can be connected to
the other coil 822 or the external power via the conducting,
clement. Alternatively, the innermost parts of the plurality of
coils 822 can also be connected to each other via a jumper
Or jumpers.

However, arrangement of the conducting hole and the
conducting element increases the manufacturing cost and
structural complexity of the motor 8. Although the jumpers
are used to connect the plurality of coils 822 together, the
production of the motor 8 1s dithicult 1n order to prevent the
jumpers from making contact with the electronic compo-
nents of the board 821. Furthermore, arrangement of the
jumpers increases the thickness of the board 821, which 1s
against the purpose of mimaturization as required by the
motor 8.

FIG. 2 shows another conventional motor winding struc-
ture 9 including a flexible base plate 91 and a winding
assembly 92. The flexible base plate 91 includes a plurality
of boards 911 and a plurality of bridges 912. Each bridge 912
1s connected between two adjacent boards 911. The winding
assembly 92 includes a plurality of winding units 921. Each
winding unit 921 is arranged on a respective board 911. A
conducting path 922 i1s arranged on the bridge 912 and
connected between two winding umts 921. As such, the
flexible base plate 91 may be folded to stack the boards 911
together, forming a multiple-layered winding structure of a
motor. This simplifies the assembly procedure of the motor
and increases the number of turns of the windings. Such a
motor winding structure 9 may be seen in Tatwan Patent No.
1422123, The motor winding structure 9 may be arranged 1n
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any motor. The winding units 921 may be electrified to drive
a rotor of the motor to rotate.

The winding assembly 92 of the motor winding structure
9 has similar problems as the winding assembly 82 of the
motor 8. Specifically, in addition to the conducting path 922
connected between two adjacent winding units 921, 1t 1s also
required to form a conducting hole on each board 911 in
order to electrically connect the winding units 921 of the
boards 911 together. Thus, the winding units 921 of the
boards 911 can form the required serial or parallel connec-
tion structures or the combination thereof. More specifically,
the winding unit 921 on each of the boards 911 may
comprise a plurality of coils 921a each having a center “C”
and two ends. Each coil 921q 1s arranged on the board 911
and extends 1n a clockwise or countclockwise manner. One
of the two ends of the co1l 921q 1s adjacent to the center “C,”
and another end of the coil 921a 1s away from the center
“C.” Since the coil 921a and the conducting path 922 are
tformed on the board 911 by layout, the conducting path 922
1s unable to extend across the coil 921a to electrically
connect to the end of the coil 921a adjacent to the center “C”
(innermost part of the coil 921a). In this regard, the con-
ducting path 922 can only be connected to the end of the coil
921a away from the center “C” (outermost part of the coil
921a). In light of the defect, 1t 1s required to form a
conducting hole that extends through the board 911 at the
center “C”” of the coi1l 921a. Then, a conducting element such
as a copper post, a conducting wire or a conducting layer 1s
disposed 1n the conducting hole, such that after the flexible
base plate 91 1s folded, the innermost parts of the coils 921a
can be connected to each other via the conducting element.

However, arrangement of the conducting hole and the
conducting element increases the manufacturing cost and
structural complexity of the motor winding structure 9. In
addition, as compared with the single board 821 of the motor
8, the motor winding structure 9 includes plural boards 911.
In this regard, after the flexible base plate 91 1s folded, short
circuit can occur between the winding units 921 of the
adjacent boards 911 since electricity can be conducted at
both sides of the board 911 via the conducting element inside
the conducting hole. Thus, an insulation treatment has to be
provided between the adjacent boards 911 (such as the
arrangement ol an insulating layer between the adjacent
boards 911). However, the insulation treatment makes the
production of the motor winding structure 9 inconvenient
and may increase the thickness of the motor winding struc-
ture 9.

In light of this, 1t 1s necessary to provide a novel motor
winding structure free of the above problems of the con-
ventional motor winding assembly 82 and the winding
structure 9 caused by the arrangement of the conducting
holes on the boards 821 and 911, such as high cost, complex
structure and mconvenient production procedure.

SUMMARY OF THE INVENTION

It 1s therefore the objective of this invention to provide a
motor winding structure that allows a plurality of winding
units 2 thereof to be electrically connected together without
having to arrange any conducting hole on the boards of the
base plate of the motor winding structure.

In an embodiment, a motor winding structure including a
base plate 1s disclosed. The base plate includes a board
having a winding unit. The winding unit includes a plurality
ol coils formed on a surface of the board by electroforming
or layout. Each of the plurality of coils has a center. Each of
the plurality of coils includes an 1mner end adjacent to the
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center thereof, as well as an outer end distant to the center
thereof. Two adjacent coils of the winding unit are con-
nected to each other via the mner ends thereof. The winding
unit further includes an insulating layer and a conducting
layer. The inner end of each of the two adjacent coils 1s
connected to an electrical connection pad. The insulating
layer 1s arranged on the surface of the board. The two
adjacent coils are covered by the insulating layer. The
conducting layer extends through the insulating layer and 1s
clectrically connected to the electrical connection pads of
the two adjacent coils. The two adjacent coils are electrically
connected to each other via the inner ends thereof.

In a form shown, the 1nsulating layer 1s formed by silicon
dioxide, an 1insulating photoresist or a solder mask. The
conducting layer 1s 1n a form of a metal formed on the
insulating layer. The insulating layer 1s etched to form two
recesses at the centers of the two adjacent coils. The con-
ducting layer is filled 1n the recesses of the mnsulating layer
and 1s electrically connected to the electrical connection
pads of the two adjacent coils.

In another embodiment, a motor winding structure includ-
ing a base plate 1s disclosed. The base plate includes a
plurality of boards having a first board to an n” board
connected 1n sequence. Fach of the plurality of boards has
a winding unit. The winding unit includes a plurality of coils
formed on a surface of the board by electroforming or
layout. Each of the plurality of coils has a center. Each of the
plurality of coils includes an inner end adjacent to the center
thereot, as well as an outer end distant to the center thereof.
Two adjacent coils of the winding unit are connected to each
other via the inner ends thereof. The winding umt further
includes an insulating layer and a conducting layer. The
iner end of each of the two adjacent coils 1s connected to
an electrical connection pad. The insulating layer 1s arranged
on the surface of the board. The two adjacent coils are
covered by the sulating layer. The conducting layer
extends through the msulating layer and 1s electrically
connected to the electrical connection pads of the two
adjacent coils. The two adjacent coils are electrically con-
nected to each other via the inner ends thereof.

In a form shown, the base plate 1s foldable.

In the form shown, a bridge 1s formed between two
adjacent boards. The winding units of the plurality of boards
are connected to each other via a plurality of conducting
wires, and the plurality of conducting wires 1s arranged on
the base plate and extends through the plurality of boards
and the bridges.

In the form shown, the plurality of conducting wires
comprises a first conducting wire and a second conducting
wire. The plurality of coils of each of the plurality of boards
comprises a first outer coil and a second outer coil connected
in series. The first and second outer coils of one of the
plurality of boards are connected to the first and second
conducting wires, respectively.

In the form shown, the plurality of coils of the winding
unit further includes at least one inner coil connected
between the first and second outer coils. The first and second
outer coils and the at least one 1nner coil are connected to
cach other 1n series and are circumierentially arranged on
the surface of the board.

In the form shown, the winding units of the plurality of
boards are connected to each other in series.

In the form shown, the winding units of the two adjacent
boards are connected to each other via the first or second
conducting wire. The first or second conducting wire that 1s
connected between the winding units of the two adjacent
boards includes an end electrically connected to the first
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outer coil of one of the winding units, as well as another end
clectrically connected to the second outer coil of another one
of the winding unaits.

In the form shown, the first and second conducting wires
are connected to the first and n” boards, respectively. The
plurality of conducting wires further includes a third con-
ducting wire connected to the first board only. The first and
third conducting wires are used as power mput terminals,
and the power mput terminals are adapted to be connected
to a driving circuit.

In the form shown, the plurality of boards includes first
and second boards. The plurality of coils of the first board
further includes two serial-connected coils. The first outer
coil of the first board 1s electrically connected to the second
outer coil of the second board via the first conducting wire.
One of the two serial-connected coils of the first board 1s
clectrically connected to the first outer coil of the second
board via the second conducting wires. The plurality of
conducting wires further comprises a third conducting wire
connected to the second outer coil of the first board, as well
as a Tourth conducting wire connected to another one of the
two serial-connected coils of the first board.

In the form shown, the third and fourth conducting wires
are used as two power input terminals that are adapted to be
connected to a driving circuit.

In the form shown, the winding units of the plurality of
boards are connected 1n parallel.

In the form shown, the first conducting wire 1s connected
to the first outer coils of the plurality of boards and 1s used
as a power input terminal. The second conducting wire 1s
connected to the second outer coils of the plurality of boards
and 1s used as another power mput terminal. The two power
input terminals are adapted to be connected to first and
second electrical wires of a driving circuit, respectively.

In the form shown, each of the plurality of conducting
wires has a part that 1s located on the bridge, and said part
of the conducting wire 1s connected to an auxiliary conduc-
ing wire in parallel.

In the form shown, said part of the conducting wire or the
auxiliary conducing wire has a diameter larger than another
part of the conducting wire located on the board.

In the form shown, an assembly hole 1s arranged at a
center of each of the plurality of boards.

In the form shown, each of the plurality of boards includes
a first face and a second face opposite to the first face, and
the winding units 1s arranged on the first face.

In the form shown, the base plate 1s folded at the bridges
in a manner that each of the plurality of boards other than the
first board 1s folded towards the second face of an adjacent
one of the plurality of boards.

In the form shown, the base plate further includes a
driving circuit portion electrically connected to the plurality
of boards.

In a further embodiment, a motor winding structure
including a foldable base plate 1s disclosed. The foldable
base plate includes a plurality of board units. Each of the
plurality of board units includes the plurality of boards as
defined above. The winding units 1n each of the plurality of
board units are electrically connected in series, and the
plurality of board units 1s electrically connected to each
other 1n parallel.

In each of the motor winding structures above, two
circumierentially adjacent coils may be electrically con-
nected to each other via the centers ot said coils. Theretfore,
alter the base plate 1s folded, all of the coils of the winding
unit may be electrically connected to each other without
having to arrange any conducting hole on the boards.
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Advantageously, the production cost and structural com-
plexity of the motor winding structure can be lowered and
the manufacturing process can be simplified.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will become more fully understood
from the detailed description given hereinafter and the
accompanying drawings which are given by way of 1llus-
tration only, and thus are not hmitative of the present
invention, and wherein:

FIG. 1 1s an exploded view of a conventional motor.

FIG. 2 shows a conventional motor winding structure.

FIG. 3 shows a motor winding structure according to a
first embodiment of the mvention.

FIG. 3A which shows a cross sectional view of an area
labeled as “A” 1n FIG. 3.

FIG. 4 shows a motor winding structure according to a
second embodiment of the invention.

FIG. 5 shows a folding process of the motor winding
structure of the second embodiment of the invention.

FIG. 6 shows the motor winding structure of the second
embodiment of the invention after the folding process.

FIG. 7 shows the motor winding structure of the second
embodiment of the invention where the driving circuit
thereot 1s folded towards a multi-layered winding structure
formed by the stacked boards.

FIG. 8 shows another implementation of the motor wind-
ing structure of the second embodiment of the invention.

FIG. 9 shows a motor winding structure according to a
third embodiment of the mnvention.

FIG. 10 shows a motor winding structure according to a
fourth embodiment of the invention.

FIG. 11 shows a motor winding structure according to a
fifth embodiment of the invention.

In the various figures of the drawings, the same numerals
designate the same or similar parts. Furthermore, when the
terms “first”, “second”, “third”, “fourth”, “inner”, “‘outer”,
“top”, “bottom”, “front”, “rear” and similar terms are used
hereinafter, 1t should be understood that these terms have
reference only to the structure shown in the drawings as 1t
would appear to a person viewing the drawings, and are
utilized only to facilitate describing the invention.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

FIG. 3 shows a motor winding structure according to a
first embodiment of the invention, which includes a base
plate 1. The base plate 1 includes at least one board 11. Each
board 11 1s provided with a winding unit 2. The winding unit
2 may be arranged on the surface of the board 11.

The winding unit 2 may be arranged on the surface of the
board 11 by electroforming or printing process. When the at
least one board 11 includes a plurality of boards 11 (arrang-
ing from the 1°* to n” boards 11 in sequence), the motor
winding structure also includes a plurality of winding units
2 arranged on the plurality of boards 11. Each board 11 1s
provided with a respective one of the winding units 2. Each
winding unit 2 1s comprised of a plurality of coils 21. The
plurality of coils 21 may be arranged on the board 11 by

clectroforming or printing process.

Each coil 21 has an 1mner end adjacent to a center “C” of
the coil 21, as well as an outer end distant to the center “C”
of said coil 21. The 1nner end of the coil 21 1s connected to
the inner end of the other coil 21, or the outer end of the coil
21 1s connected to the outer end of the other coil 21, thereby
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connecting the two coils 21 together. In the embodiment, the
outer ends of two adjacent coils 21 can be electrically
connected to each other by a conducting wire or by layout
or welding, as 1t can be readily appreciated by one skilled 1n
the art. Alternatively, referring to FIG. 3A which shows a
cross sectional view of an area labeled as “A” 1n FIG. 3, the
two adjacent coils 21 are connected to each other via the
inner ends thereof.

Specifically, since the winding units 2 are arranged on the
surfaces of the boards 11 by electroforming or layout, the
inner ends of two adjacent coils 21 cannot be electrically
connected to each other by the same electroforming or
layout processes. In light of this, the winding unit 2 1s
configured to further include an insulating layer 22 and a
conducting layer 23. Also, the mner end of each coil 21 1s
clectrically connected to an electrical connection pad 211 for
clectrically connecting said mner end of the coil 21 to the
inner end of the other coil 21. The coil(s) 21 that 1s
connected to the conducting layer 23 i1s covered with the
insulating layer 22. The conducting layer 23 extends through
the msulating layer 22 to electrically connect to both the
clectrical connection pads 211 of the two adjacent coils 21.
Thus, the two adjacent coils 21 can be electrically connected
to each other via the inner ends, the electrical connection
pads 211 and the conducting layer 23. Since the insulating
layer 22 1s arranged between the conducting layer 23 and the
coils 21, short circuit between the conducting layer 23 and
the coils 21 1s prevented.

Referring to FIG. 3A also, during the production of the
motor winding structure of the first embodiment of the
invention, the electrical connection pad 211 1s arranged on
the center “C” of each of the two adjacent coils 21. Based
on this, the inner end of each of the two adjacent coils 21 1s
clectrically connected to the electrical connection pad 211.
Then, the insulating layer 22 1s arranged on the surface of the
board 11 by micro-image process or coating process. The
insulating layer 22 may be formed of an insulating material
such as silicon dioxide, an msulating photoresist or a solder
mask. The insulating layer 22 may be etched to form two
recesses at the centers “C” of the two adjacent coils 21.
Finally, metal or similar conducting material 1s used to form
the conducting layer 23 on the nsulating layer 22. The
conducting layer 23 may be formed by printing process or
distributing the metal or the conducting material on the
insulating layer 22. The conducting layer 23 should be filled
in the recesses of the mnsulating layer 22 at the centers “C”
of the two adjacent coils 21. In this manner, the conducting
layer 23 1s able to penetrate the insulating layer 22 to
clectrically connect to the electrical connection pads 211 of
the two adjacent coils 21.

Based on this, 1n the motor winding structure of the first
embodiment of the mvention, arrangement of the msulating
layer 22 and the conducting layer 23 allows any two adjacent
coils 21 of the winding unit 2 to be electrically connected to
cach other via the electrical connection pads 211. In other
words, the coils 21 may be electrically connected to each
other via the inner ends thereot, and can also be electrically
connected to each other via the outer ends thereof. As such,
the motor winding structure of the first embodiment of the
invention allows the coils 21 of the winding umt 2 to be
clectrically connected to each other without having to form
any conducting hole on the board 11. Advantageously, the
production cost and structural complexity of the motor
winding structure are reduced.

In the first embodiment of the invention above, the base
plate 1 includes only one board 11. However, in the second
embodiment of the invention as shown in FIG. 4, the base
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plate 1 includes a plurality of boards 11. Due to the arrange-
ment of multiple boards 11, the base plate 1 may be a tlexible
print circuit board, a flexible plate or other similar foldable
plates. After the base plate 1 1s folded, the plurality of boards
11 can be stacked together to form a multi-layered winding
structure. Besides, a bridge 12 1s formed between two

adjacent boards 11, so that the plurality of boards 11 can be
connected 1n series. The shape of the bridge 12 1s not limited.

Since each board 11 includes a winding umit 2, the motor
winding structure has plural winding units 2. The winding
units 2 are electrically connected to each other by a plurality
of conducting wires 3. The conducting wires 3 are arranged
on the base plate 1 and may extend through the boards 11
and the bridges 12. Therefore, the winding units 2 of the
boards 11 are electrically connected to each other via the
conducting wires 3.

When the motor winding structure of the second embodi-
ment 15 used 1n a motor, the base plate 1 can be folded at the
bridges 12 to stack the plurality of boards 11 together,
forming a multi-layered winding structure. The plurality of
boards 11 may be fixed together by pressing or adhesion.
Thus, as shown in FIG. 6, the coils 21 of the winding units
2 on the boards 11 are aligned with each other along an axial
direction of the motor winding structure. Accordingly, the
number of effective turns of the coils 21 1s increased. Since
the adjacent two coils 21 can be connected to each other via
either inner ends or outer ends thereol, electrical connection
between the winding units 2 can be achieved after the base
plate 1 1s folded without forming any conducting hole on the
boards 11. Advantageously, the production cost and struc-
tural complexity of the motor winding structure are reduced.

Referring to FIG. 4 again, the winding unit 2 on each of
the boards 11 1s comprised of a plurality of coils 21. The
plurality of coils 21 includes at least one first outer coil
21a-1 and at least one second outer coil 21a-2. The first and
second outer coils 21a-1 and 21a-2 are electrically con-
nected to the conducting wires 3. Thus, the first and second
outer coils 21a-1 and 21a-2 are electrically connected to
cach other directly or indirectly, such that the first and
second outer coils 21a-1 and 21a-2 are connected 1n series.
As discussed before, since the adjacent two coils 21 can be
clectrically connected to each other via the inner ends or
outer ends thereof, the first and second outer coils 21a-1 and
21a-2 can be connected 1n series directly. Alternatively, the
winding unit 2 may further comprise at least one nner coil
21b. The first and second outer coils 21a-1 and 21a-2 and the
iner coil(s) 215 may be circumierentially arranged on the
surface of the board 11. The first outer coils 21a-1 1s
clectrically connected to the second outer coil 21a-2 via the
inner coil(s) 215, forming a serial connection between the
first and second outer coils 21a-1 and 21a-2 and the 1nner
coil(s) 21b.

Specifically, the winding unmit 2 1 the embodiment
includes four inner coils 215. In this regard, the winding unit
2 1s comprised of six coils 21. The first and second outer
coils 21a-1 and 21a-2 and the four mnner coils 215 are
circumierentially arranged on the surface of the board 11.
The four inner coils 215 are connected 1n series. The first
outer coil 21a-1 can be electrically connected to one of the
inner coils 215 adjacent to 1t, and the second outer coil 21a-2
can be electrically connected to another inner coil 215
adjacent to 1t. In this arrangement, the first outer coil 21a-1
can be electrically connected to the second outer coil 21a-2
via the four mner coils 215, forming a serial connection
between the first and second outer coils 21a-1 and 21a-2 and
the four mnner coils 215.
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Based on the above structure, the winding unit 2 on each
of the boards 11 can be electrically connected to the winding
unit 2 of the other board 11 via one conducting wire 3. In this
embodiment, the winding units 2 of two adjacent boards 11
can be electrically connected to each other via one conduct-
ing wire 3. In other words, one end of the conducting wire
3 1s connected to the first outer coil 21a-1 of one of the
winding units 2, and another end of the conducting wire 3 1s
connected to the second outer coil 21aq-2 of the other
winding unit 2. As such, the winding units 2 of the two
adjacent boards 11 can be electrically connected to each
other. In this arrangement, the winding units 2 of the two
adjacent boards 11 can be clectrically connected to each
other via one conducting wire 3. In this arrangement, the
winding units 2 of the boards 11 are connected to each other
in series. It can be known from the above description that,
for any predetermined board 11 sandwiched between the
left-sided and rnight-sided boards 11, the second outer coil
21a-2 of the winding unit 2 of the predetermined board 11
1s connected to the winding unit 2 of the board 11 on the left
side, and the first outer coil 21a-1 of the winding unit 2 of
the predetermined board 11 1s connected to the winding unit
2 of the board 11 on the right side. In this regard, the
conducting wire 3 that 1s connected to the second outer coil
21a-2 of the winding unit 2 of the leftmost board 11 (1*
board 11) 1s used as a power mput terminal “I”” which can be
connected to a driving circuit. Similarly, the conducting wire
3 that 1s connected to the first outer coil 21a-1 of the winding
unit 2 of the rightmost board 11 (the n” board 11) is used as
another power input terminal “I” which can be connected to
the driving circuit also. In other words, the two conducting
wires 3 that are respectively connected to the winding units
2 of the first and n” boards 11 are used as the power input
terminals “I” for electrically connecting to the driving
circuit.

Referring to FIGS. 5 and 6, when the motor winding
structure of the second embodiment 1s used 1n a motor, the
base plate 1 can be folded at the bridges 12 to stack the
plurality of boards 11 together, forming a multi-layered
winding structure. The winding units 2 of the boards 11 are
connected 1n series, and the first and second outer coils
21a-1 and 21a-2 and the inner coils 215 of each winding unit
2 are also connected in series. Thus, the power 1input
terminals “I”” that are connected to the outermost boards 11
(1.e. the top and bottom ones of the stacked boards 11) can
be electrically connected to the driving circuit to form an
clectrical loop. As such, electricity can be supplied to the
winding units 2 of the boards 11. After the winding units 2
of the boards 11 are electrified, the motor winding structure
1s able to drive a rotor of the motor to rotate. The principle
on how the motor winding structure drives the rotor to rotate
1s not described herein as 1t can be readily appreciated by the
skilled persons.

It can be known from the above that after the base plate
1 1s folded, a driving circuit can be used to power all of the
winding units 2 of the boards 11 without having to form any
conducting hole on the boards 11.

It 1s noted that each of the boards 11 has a first face 111
and a second face 112 opposite to the first face 111. The
winding umt 2 1s preferably arranged on the first face 111.
Namely, the second face 112 1s not provided with the
winding unit 2. The coils 21, the mnsulating layer 22 and the
conducting layer 23 are arranged on the first face 111.
Referring to FIGS. 3, 5 and 6, when folding the base plate
1 at the bridges 12, each board 11 1s preferably folded
towards the second face 112 of the adjacent board 11. This

makes the coils 21 of the winding unit 2 of the board 11 face




US 9,780,015 B2

9

the second face 112 of the adjacent board 11. Based on this,
since the second face 112 1s not provided with the winding
unit 2, the second face 112 1s able to provide a desired
insulating effect. This prevents the coils 21 or the conducting
layer 23 of the board 11 from making contact with the coils
21 or the conducting layer 23 of the adjacent board 11. Thus,
it 1s not necessary to provide an insulation mechanism
between the boards 11.

Referring to FIGS. 4, 5 and 6, the base plate 1 may further
include a driving circuit portion 13. The driving circuit
portion 13 may be connected to the boards 11. A driving
circuit 1s arranged on the driving circuit portion 13. In this
regard, the driving circuit can be integrated with the winding,
units 2 to provide a convenient assembly. The driving circuit
may include a first electrical wire 131 and a second electrical
wire 132. The first and second electrical wires 131 and 132
may be connected to the two power input terminals “I,”
forming the driving circuit and the winding units 2 as an
clectrical loop. The connection of the driving circuit portion
13 1s not limited. For example, the driving circuit portion 13
may be connected between two adjacent boards 11, or may
be connected to the outermost board 11. After the boards 11
are folded to form the multi-layered winding structure, the
driving circuit portion 13 may be the bottommost layer as
shown 1n FIG. 7. Alternatively, the driving circuit portion 13
may be the topmost layer. Besides, when folding the base
plate 1, the face of the driving circuit portion 13 that 1s not
provided with the first and second electrical wires 131 and
132 preterably faces the board 11, so as to prevent the coils
21 or the conducting layer 23 of the board 11 from making
contact with the first and second electrical wires 131 and 132
or other electronic components of the driving circuit portion
13.

Referring to FIGS. 4 and 6, an assembly hole 113 may be
arranged at the center of each board 11. The assembly hole
113 extends through the first face 111 and the second face
112. When the boards 11 are folded to form the boards 11 as
the multi-layered winding structure, the assembly holes 113
of the boards 11 may be aligned with each other along the
axial direction of the motor winding structure. Arrangement
of the assembly holes 113 allows the multi-layered winding
structure to be fitted around a shaft tube of the motor,
providing a reinforced coupling eflect between the multi-
layered winding structure and the motor.

Referring to FIG. 8, another implementation of the motor
winding structure of the second embodiment 1s shown. In the
previous implementation, there are four boards 11. However,
there may be only three boards 11 1n this implementation. In
other words, the number of the boards 11 1s not limited 1n the
invention. Furthermore, in the previous implementation, the
winding unit 2 includes four mnner coils 215, and each
winding unit 2 1s comprised of six coils 21. However, 1n this
implementation, the winding unit 2 includes only two 1nner
coils 215, and each winding unit 2 1s comprised of only four
coils 21. The number of the coils 215 1s also not limited 1n
the 1nvention.

Referring to FIG. 8, the conducting wire 3 may have at
least one part each being located on a respective bridge 12.
Each part of the conducting wire 3 on the bridge 12 may be
connected to at least one auxiliary conducing wire 31 1n
parallel. The auxiliary conducing wire 31 1s provided to
maintain the electrical connection between the winding units
2 when the conducting wire 3 breaks during the folding of
the base plate 1. This improves the yield rate, the service life
and safety of the motor winding structure.

Moreover, the conducting wire 3 and the auxiliary con-
ducing wire 31 will be slightly lengthened by the process of
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folding the base plate 1. The increases 1n lengths of the
conducting wire 3 and the auxihiary conducing wire 31 will
result 1n slight increases 1n the impedances of the conducting
wire 3 and the auxiliary conducing wire 31. In light of this,
for the part of the conducting wire 3 located on the bridge
12, the diameter of said part of the conducting wire 3 and the
diameter of the auxiliary conducing wire 31 are preferably
larger than other part of the conducting wire 3 located on the
board 11, so as to prevent deterioration in the conductibility
of the conducting wire 3 and the auxiliary conducing wire 31
resulting from larger varnations in the impedances of said
wires 3 and 31. Thus, after the base plate 1 1s folded at the
bridges 12, the impedance changes of said part of the
conducting wire 3 located on the bridge 12 as well as the
auxiliary conducing wire 31 are smaller. Therefore, the
conductibility of the conducting wire 3 and the auxihary
conducing wire 31 1s not largely aflected.

Referring to FIG. 9, a motor winding structure 1s shown
according to a third embodiment of the mvention. In this
embodiment, the winding units 2 of the boards 11 are
connected 1n parallel, as opposed to the serial connection of
the winding units 2 discussed in the second embodiment
above. Specifically, the conducting wire 3 that 1s connected
to the first outer coils 21a-1 of all of the boards 11 1s used
as a power input terminal “I” for connecting to a first
clectrical wire 132 of the driving circuit. Similarly, the
conducting wire 3 that 1s connected to the second outer coils
21a-2, of all of the boards 11 1s used as another power 1nput
terminal “I” for connecting to a second electrical wire 131
of the driving circuit. Based on this, the winding units 2 of
the boards 11 are connected in parallel.

Referring to FIG. 10, a motor winding structure 1s shown
according to a fourth embodiment of the mvention. In this
embodiment, the winding units 2 of the boards 11 are
connected 1n parallel and series, as compared with the serial
connection of the winding units 2 in the second embodiment
and the parallel connection in the third embodiment. Spe-
cifically, the motor winding structure in the fourth embodi-
ment may include a plurality of board units. Each board unit
includes a plurality of boards 11. The winding units 2 of the
boards 11 in an individual board unit are electrically con-
nected 1n series as described 1n the first embodiment. In this
regard, two conducting wires 3 are connected to the board
umt and are used as power mput terminals “I.”” The board
units can be electrically connected to each other 1n parallel
by connecting the power 1mput terminals “I” of each of the
board units to the first and second electrical wires 131 and
132, respectively. For example, the motor winding structure
in FIG. 10 mcludes two board units. The left two boards 11
are electrically connected 1n series and form one board unit,
and the right two boards are also electrically connected 1n
series and form the other board unit. The two board units are
clectrically connected in parallel. In this manner, all of the
winding units 2 of the boards 11 can be connected 1n series
and parallel.

Retferring to FIG. 4, when the winding units 2 of the
boards 11 are connected 1n series in the second embodiment,
the winding units 2 of the two outermost boards 11 (the 1*
and n” boards 11) are connected to two conducting wires 3,
respectively. Disadvantageously, the conducting wire 3 that
is connected to the most distant board 11 (n” board 11) must
extend all the way through all of the boards 11 and the
bridges 12 to connect to the second electrical wire 132. In
light of this, FIG. 11 shows a motor winding structure
according to a fifth embodiment of the mnvention. The motor
winding structure 1n this embodiment includes two boards
11 adjacent to each other. The winding units 2 and 2' of the
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two boards 11 are connected 1n series. The fifth embodiment
differs from the second embodiment in that, in addition to
the first and second outer coils 21a-1 and 21a-2, the winding
unit 2' of one of the two boards 11 further includes two
serial-connected coils 21a'. In this regard, for the winding
unit 2', the first and second outer coils 21a-1 and 21a-2 and
the two serial-connected coils 21a' are circumierentially
arranged on the board 11. Similar to the coils 214', the first
and second outer coils 21a-1 and 21a-2 are also connected
in series. Besides, the first and second outer coils 21a-1 and
21a-2 are connected to two conducting wires 3, respectively.
Based on this, the first outer coil 21a-1 of the winding unit
2' may be connected to the second outer coil 21a-2 of the
winding unit 2 via another conducting wire 3, and one of the
two serial-connected coils 214' of the winding unit 2' may be
connected to the first outer coil 21a-1 of the winding unit 2
via the a further conducting wire 3. As such, the coils 21 of
the winding unit 2' and 2 can be connected 1n series. Then,
the conducting wire 3 that 1s connected to the second outer
coil 21a-2 of the winding unit 2' 1s used as a power mput
terminal “I,” and the conducting wire 3 that 1s connected to
another serial-connected coil 214" of the winding unit 2' 1s
used as another power mput terminal “I.” In this arrange-
ment, the motor winding structure in the fifth embodiment
allows the two power input terminals “I”” to connect to the
winding unit 2' of the same board 11. This eflectively
simplifies the routing of the conducting wires 3 when
connecting the driving circuit with the power input terminals
“1.” Thas also prevents the potential damage to the base plate
1 resulting from the conducting wire 3 extending through the
entire base plate 1 including all of the boards 11 and the
bridges 12. Similar to the second embodiment, at least one
inner coil 215 may be arranged between the first and second
outer coils 21a-1 and 21a-2. Theretore, the first and second
outer coils 21a-1 and 21a-2 and the inner coil(s) 215 may be
connected 1n series. Similarly, at least one mner coil 215
may be circumierentially arranged with the two serial-
connected coils 214', such that the two serial-connected coils
214" and the mner coil(s) 215 are connected 1n series.

In conclusion, in each of the embodiments above, the
winding unmt 2 of each board 11 1s comprised of a plurality
of coils 21, and any two adjacent coils 21 may be connected
to each other via the inner ends or outer ends thereof without
having to form any conducting hole on the boards 11. As
compared with the conventional motor 8 and the conven-
tional motor winding structure 9 where the production cost
and structural complexity are high due to the arrangement of
the conducting holes on the board 821 and the boards 911,
the motor winding structure in each of the embodiments has
lower cost and complexity. Besides, when there are more
than one board 11, the coils 21 include at least one first outer
coil 21a-1 and at least one second outer coil 21a-2 that are
clectrically connected to each other directly or indirectly.
Thus, the first and second outer coils 21a-1 and 21a-2 are
connected 1n series. In this regard, after the base plate 1 1s
folded, the winding units 2 of the boards 11 can be electri-
cally connected to each other without having to form any
conducting hole on the boards 11. As such, a driving circuit
can be provided to power the winding units 2 of the boards
11.

As stated above, in each embodiment of the invention,
since 1t 15 not required to form any conducting hole on the
boards 11 of the motor winding structure, short circuit of the
winding units 2 between two adjacent boards 11 can be
prevented. Thus, the mnsulation treatment between the boards
911 of the conventional motor winding structure 9 1s not
needed 1n the mvention, thereby simplitying the production
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procedure of the motor winding structure of the invention.
Furthermore, each of the boards 11 has a first face 111 and
a second face 112 opposite to the first face 111. In this
regard, when the winding units 2 are arranged on the first
faces 111 of the boards 11, each board 11 can be folded
towards the second face 112 of the adjacent board 11. In this
arrangement, all of the coils 21 of the winding unit 2 on each
board 11 are able to remain exposed or face the second face
112 of the adjacent board 11. In this regard, since the second
face 112 of each board 11 1s insulating, insulation treatment
between the boards 11 1s not required. As compared with the
conventional motor winding structure 9 where the imsulation
treatment between the boards 911 1s required, the motor
winding structure in each embodiment of the invention has
a simplified production procedure.

Although the invention has been described 1n detail with
reference to its presently preferable embodiments, it will be
understood by one of ordinary skill in the art that various
modifications can be made without departing from the spirit

and the scope of the ivention, as set forth 1n the appended
claims.

What 1s claimed 1s:

1. A motor winding structure comprising a base plate (1)
comprising a board (11) having a winding unit (2), wherein
the winding umit (2) comprises a plurality of coils (21)
formed on a surface of the board (11) by electroforming or
layout, wherein each of the plurality of coils (21) has a
center (C), wherein each of the plurality of coils (21)
comprises an iner end adjacent to the center (C) thereot, as
well as an outer end distant to the center (C) thereotf, wherein
two adjacent coils (21) of the winding unit (2) are connected
to each other via the inner ends thereof, wherein the winding
umt (2) further comprises an insulating layer (22) and a
conducting layer (23), wherein the mner end of each of the
two adjacent coils (21) 1s connected to an electrical connec-
tion pad (211), wherein the insulating layer (22) 1s arranged
on the surface of the board (11), wherein the two adjacent
coils (21) are covered by the msulating layer (22), wherein
the conducting layer (23) extends through the insulating
layer (22) and 1s electrically connected to the electrical
connection pads (211) of the two adjacent coils (21), and
wherein the two adjacent coils (21) are electrically con-
nected to each other via the inner ends thereof.

2. The motor winding structure as claimed 1n claim 1,
wherein the insulating layer (22) 1s formed by silicon
dioxide, an insulating photoresist or a solder mask, wherein
the conducting layer (23) 1s in a form of a metal formed on
the mnsulating layer (22), wherein the msulating layer (22) 1s
ctched to form two recesses at the centers (C) of the two
adjacent coils (21), wherein the conducting layer (23) is
filled 1 the recesses of the insulating layer (22) and 1is
clectrically connected to the electrical connection pads (211)
of the two adjacent coils (21).

3. A motor winding structure comprising a base plate (1)
comprising a plurality of boards (11) including a first board
(11) to a n” board (11) connected in sequence, wherein each
of the plurality of boards (11) has a winding unit (2), wherein
the winding umt (2) comprises a plurality of coils (21)
formed on a surface of the board (11) by electroforming or
layout, wherein each of the plurality of coils (21) has a
center (C), wherein each of the plurality of coils (21)
comprises an mnner end adjacent to the center (C) thereot, as
well as an outer end distant to the center (C) thereotf, wherein
two adjacent coils (21) of the winding unit (2) are connected
to each other via the inner ends thereof, wherein the winding
umt (2) further comprises an insulating layer (22) and a
conducting layer (23), wherein the mner end of each of the
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two adjacent coils (21) 1s connected to an electrical connec-
tion pad (211), wherein the insulating layer (22) 1s arranged
on the surface of the board (11), wherein the two adjacent
coils (21) are covered by the 1nsulating layer (22), wherein
the conducting layer (23) extends through the insulating
layer (22) and 1s electrically connected to the electrical
connection pads (211) of the two adjacent coils (21), and
wherein the two adjacent coils (21) are electrically con-
nected to each other via the inner ends thereof.

4. The motor winding structure as claimed in claim 3,
wherein the base plate (1) 1s foldable.

5. The motor winding structure as claimed in claim 4,
wherein a bridge (12) 1s formed between two adjacent
boards (11), wherein the winding units (2) of the plurality of
boards (11) are connected to each other via a plurality of
conducting wires (3), and wherein the plurality of conduct-
ing wires (3) 1s arranged on the base plate (1) and extends
through the plurality of boards (11) and the bridges (12).

6. The motor winding structure as claimed 1n claim 5,
wherein the plurality of conducting wires (3) comprises a
first conducting wire (3) and a second conducting wire (3),
wherein the plurality of coils (21) of each of the plurality of
boards (11) comprises a first outer coil (21a-1) and a second
outer coil (21a-2) connected 1n series, wherein the first and
second outer coils (21a-1, 21a-2) of one of the plurality of
boards (11) are connected to the first and second conducting,
wires (3), respectively.

7. The motor winding structure as claimed in claim 6,
wherein the plurality of coils (21) of the winding unit (2)
turther comprises at least one inner coil (215) connected
between the first and second outer coils (21a-1, 21a-2), and
wherein the first and second outer coils (21a-1, 21a-2) and
the at least one mner coil (215) are connected to each other
in series and are circumierentially arranged on the surface of
the board (11).

8. The motor winding structure as claimed in claim 6,
wherein the winding units (2) of the plurality of boards (11)
are connected to each other 1n series.

9. The motor winding structure as claimed in claim 8,
wherein the winding units (2) of the two adjacent boards (11)
are connected to each other via the first or second conducting
wire (3), and wherein the first or second conducting wire (3)
that 1s connected between the winding units (2) of the two
adjacent boards (11) comprises an end electrically connected
to the first outer coil (21a-1) of one of the winding units (2),
as well as another end electrically connected to the second
outer coil (21a-2) of another one of the winding units (2).

10. The motor winding structure as claimed in claim 9,
wherein the first and second conducting wires (3) are
connected to the first and n” boards (11) respectively,
wherein the plurality of conducting wires (3) further com-
prises a third conducting wire (3) connected to the first board
(11) only, wherein the first and third conducting wires (3) are
used as power mput terminals, and wherein the power input
terminals are adapted to be connected to a driving circuait.

11. The motor winding structure as claimed in claim 8,
wherein the plurality of boards (11) includes first and second
boards (11), wherein the plurality of coils (21) of the first
board (11) further comprises two serial-connected coils
(21a'), wherein the first outer coil (21a-1) of the first board
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(11) 1s electrically connected to the second outer coil (21a-2)
of the second board (11) via the first conducting wire (3),
wherein one of the two serial-connected coils (21a') of the
first board (11) 1s electrically connected to the first outer coil
(21a-1) of the second board (11) via the second conducting
wires (3), and wherein the plurality of conducting wires (3)
further comprises a third conducting wire (3) connected to
the second outer coil (21a-2) of the first board (11), as well
as a fourth conducting wire (3) connected to another one of
the two serial-connected coils (21a') of the first board (11).

12. The motor winding structure as claimed 1n claim 11,
wherein the third and fourth conducting wires (3) are used
as two power input terminals that are adapted to be con-
nected to a driving circuit.

13. The motor winding structure as claimed 1n claim 6,
wherein the winding units (2) of the plurality of boards (11)
are connected 1n parallel.

14. The motor winding structure as claimed in claim 13,
wherein the first conducting wire (3) 1s connected to the first
outer coils (21a-1) of the plurality of boards (11) and 1s used
as a power input terminal, wherein the second conducting
wire (3) 1s connected to the second outer coils (21a-2) of the
plurality of boards (11) and 1s used as another power input
terminal, and wherein the two power mput terminals are
adapted to be connected to first and second electrical wires
(131, 132) of a drniving circuit, respectively.

15. The motor winding structure as claimed 1n claim 3,
wherein each of the plurality of conducting wires (3) has a
part that 1s located on the bridge (12), and wherein said part
of the conducting wire (3) 1s connected to an auxiliary
conducing wire (31) in parallel.

16. The motor winding structure as claimed in claim 135,
wherein said part of the conducting wire (3) or the auxiliary
conducing wire (31) has a diameter larger than another part
of the conducting wire (3) located on the board (11).

17. The motor winding structure as claimed 1n claim 5,
wherein an assembly hole (113) 1s arranged at a center of
cach of the plurality of boards (11).

18. The motor winding structure as claimed 1n claim 3,
wherein each of the plurality of boards (11) comprises a first
face (111) and a second face (112) opposite to the first face
(111), and wherein the winding unit (2) 1s arranged on the
first face (111).

19. The motor winding structure as claimed in claim 18,
wherein the base plate (1) 1s folded at the bridges (12) 1n a
manner that each of the plurality of boards (11) other than
the first board (11) 1s folded towards the second face (112)
of an adjacent one of the plurality of boards (11).

20. The motor winding structure as claimed in claim 19,
wherein the base plate (1) further comprises a driving circuit
portion (13) electrically connected to the plurality of boards
(11).

21. A motor winding structure comprising a foldable base
plate (1) having a plurality of board units, wherein each of
the plurality of board units comprises the plurality of boards
(11) as claimed in claim 35, wherein the winding units (2) 1n
cach of the plurality of board units are electrically connected
in series, and wherein the plurality of board units 1s elec-
trically connected to each other in parallel.
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